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Investigating the LSND result

L SND: > searchedforv_ein\zbeam

> 3.80 excess over background

800 MeV proton beam from
LANSCE accelerator

. Water target

wer e V_events over background:
R LSND Detector 87.9+224+6.0

oscillation probability:
(0.264 + 0.067 £ 0.045)%

Phys. Rev. D 64, 112007 (2001)
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The L SND result:
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* taking atmospheric, solar, reactor, and LSND results
together...

> one or more experiments is not seeing oscillations, or

> there are more than 3 neutrinos, or

> CPT isnot agood symmetry, or

>

?

G. Barenboim, L. Borissov, and J. Lykken, hep-ph/0212116

To check LSND, you want...

> Smilar L/EV

> different systematics
> higher statistics




MiniBooNE

target and horn decay region absorber dirt (~450 m) detector
Booster
* i
primary beam . secondary beam . tertiary beam g
(protons) (mesons) (neutrinos)
primary beam

> 8 GeV protons from FNAL Booster v v — Ve search

> through MiniBooNE beamline

secondary beam LMiniBooNE 110 LLSND
> mesons produced at beryllium target P R 10} SRS
> magnetic horn focuses these down 50 m decay pipe

tertiary beam > different signd

. > different backgrounds
> neutrinos from meson decay

> 450 m path through dirt to detector [ different systematics



Jul 2002 - Mar 2003

et B

1.0E+15

Booster performance

8,0E+14

¢ Booster has never worked this hard 5961471 MiniBooNE turn on

4, 0E+14

* steady increase

2,0E+14

> careful tuning

total Booster output (protons/min)

> optimizing pulse rate / pulse intensity AT _ :
> hardware Char]ges . ?; = Sat Jul 2?21i3§:4:59 2002 z T2 = Sat Harilss?.3:44:58 2003 -

R

e need factor of ~2-3 to reach total of
10?* protons on target

|
b

b BE 4B '
VIR L LN

* further improvements coming

> collimator project (underway)

> large-aperture RF cavities

energy lost per proton (W-min/proton

27 Sa 21 Sa 1€ Sa 11 Sa 08 Sa
TL = Sat Jul 27 13330256 2002 T2 = Sat Mar 8 13:30:56 2003



15

Beamline and horn

horizontal beam envelope

(mm)

measurement

* 8GeV MiniBooNE rediction
transport line -

> first beam in final configuration:
Aug 24, 2002 - L

> optics understood very well

10 —

vertical beam envelope
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distance down beamline (m)

e Horn

> Increases neutrino flux ~7x

> 170kA , 143 pspulses @ 5 Hz

> has performed flawlessly, with
>20M pulsesin situ




Intrinsicve IN the beam

* amajor background for the appearance
experiment

¢ Sources.

xt/ K+—>;L+vp

e+ "7# Ve

K+/KE—HTEI,/E

* tackle this background with

> half-million Vu interactions in the
detector

> HARP experiment (CERN)
> E910 (Brookhaven)
> “little muon counter”

> 25 m/ 50 m decay length option

v Flux (arbitrary units)

10 E

HARP exp

v_component of flux ~0.3%

eriment at CERN



L ittle muon counter

* K decays produce more wide-angle

muons than Tt decays

* LMC: off-axis (7°) muon spectrometer

e scintillator fiber tracker

* clean separation of muon parentage
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Spectrometet

> temporary LMC detector (scintillator paddles):

> shows that data acquisition is working
> 53 MHz beam RF structure seen
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The MiniBooNE detector

o signal region

veto region

e 40 ft diameter sphere
e 800 tons of mineral oil

* 1280 8-inch phototubes in signal region
(10% coverage)

* 240 8-inch phototubes in veto region



Some views...




Understanding the detector

Laser flasks

> Ludox®-filled round flasks
> fed by optical fiber from laser
> four flasks distributed about detector

> attenuation length measurements

> charge response of phototubeS ——p Old PMTs (Hamamatsu R1408)

probability/(0.05 PE)

o 1 2z 3 4 5
charge (PE)

New PMTs (Hamamatsu R5912)

probability/(0.05 PE)

charge (PE)




L aser flasks (cont'd)

> time response of tubes (resolution, slewing, etc.)

> time resolutions from data: 1.2 ns (new tubes), 1.7 ns (old tubes)
> In agreement with benchtop measurements/ tube specifications
> Important for reconstruction and particle ID

> global properties of detector/phototube time response;

probability/(0.31 ns)

—3| dark noise

Timing Distribution for Laser Events (new tubes)

— prompt light

late-pulsing

reflections

l scattering (tail)
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view from bottom of detector:
lights out, flask on

L aser flasks (cont'd)

> also use to understand

> high-charge effects
> vertex reconstruction resolution, biases

Muon tracker system

> four planes of scintillator strips
> provides muons of known direction

> key to understanding event reconstruction




Muon tracker plus scintillator cubes

> seven enclosed cubes of scintillator in detector

volume

> tracker/cube combination provides

> muons with known pathlength
> electrons with known vertex

Michel éectrons throughout detector

> plentiful source from cosmics and beam-
Induced muons

> get energy scale and resolution at Michel
endpoint

> beam-on v. beam-off calibration check

> electron particle ID

scintillator cube




candidate p

Michel eectrons (cont'd)

> candidate muon and subsequent Michel eectron —»

> cosmic muon lifetimein oil

> measured: T=2.12+ 0.05 us
> expected: 1=2.13us (8% | capture)
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The MiniBooNE trigger

* typical MiniBooNE tank DAQ triggers

> beam 3 Hz (currently)
> random 2Hz
> |aser flasks 1Hz
> tank/veto NHIT 1 Hz
> Michd 1Hz
> tracker/cubes 1 Hz
> gammalbeta 1Hz
> supernova 11 Hz
total: ~22 Hz

e headroom available for bursts

* understand detector response down to a

few MeV

* high veto efficiency

d{Event Rate) /d{Nhit) Hz

environmental activity,
grazing cosmics, § decays
11.2 kHz

= Michel decays
1.6 kHz
1

Tanlk hite = 12,
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Tank hits = 12, Yelo hits < &
z
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Coarse beam timing

* pbeam comesin spills @ 5 Hz

* each spill: ~82 buckets separated by 19 ns
0 ~1.6 usspill

* trigger on signal from Booster; read out for
19.2 us

* no high level analysis needed to see neutrino
events over background!

e and...

Adding a few smple cutsreducesthe
non-beam background to ~10°,
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[fnn WM output showing beam RF structure

Fine beam timing .
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* resistive wall monitor (RWM) near target

* RWM signal discriminated, sent to
detector DAQ 0

il

0

e with reconstructed neutrino event, can -

| 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 | 1 1 1 1 1
1000 1020 1040 1060 1080 1100 1120 1140

neutrinosin the detector.

> determine event time (from start of spill) ns
> adjust for vertex
> find time to nearest RF bucket
time residual to nearest bucket
Mean 0.001909
2 | RMS 2422
@ 300— Constant 306.4 + 4.722
s We can measur e the Booster
';25" e bucket structure with
E

8

10 - - - 0 2 el 6 8 10
event time, wrt nearest bunch peak / ns



Neutrino events
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Events

¢ background v,C— v X1t

e ® - yycanmimicane
> escaping y

> “asymmetric” decays
> ring overlap

e 1° events are useful calibration sources

T° candidate event

* high-energy electron-like tracks
(can check electron reconstruction)

the ° peak stands out
with minimal cuts

% NDF 14457 / 142 ]
Prcb. 0.42 N
Exp. 31.14 + 2.30 ]
Mass 133.68 + 1.95 R
Width 2258+ 213 ]
] -—
o B we o
600 800 LO0D

° candidate mass (MeV/c °)



Returning to oscillations

backgrounds and signal (preliminary estimates)
Vo (K))

V(1)

v (K")
misID

SND-based
V= Ve

misID 7°

‘ 1,500 intrinsic v_
> 500 umisiD
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MiniBooNE (90% CL):
(10™ protons on target)

5 _— runnlﬂg
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1074 167> T 107 1
sin*24

> cover entire LSND alowed
region at >50

> updated estimates coming

> currently expect resultsin 2005




Other physics

V_appearance search is primary purpose, but
MiniBooNE can do alot more...

* Vv, disappearance

® Cross sections, €tc.

> coherent T production (relevant for Superk

sterile v limits)
> single K production

> NC elastic scattering, measurement of As

e exotics

> Q% Karmen timing anomaly
S. Case, S. Koutsoliotas, and M. L. Novak,
Phys Rev D65, 077701 (2002)

> neutrino magnetic moment

> supernovawatch
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Summary

> steadily taking data; currently at 7% of 10* p.o.t.
> gtill need more beam
> detector isworking well

> appearance results ~2005

> working to get other physics results late this year - o

weekly £20 integrated E20 A
. 0.85

08  Number of Protons on Target
0.51 To date: 0.7371 E20
0.34 Largest week: 0.0544 E20
017 Latest week: 0.0523 E20

weaak y integrated

Ll
72000 Number of Neutrino Events
54000 To date: B0366

26000 Largest week: 35837
18000 Latest week: 5484
0




backups...
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preliminary V, =V, sensitivity

at 10% of total p.o.t.
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